have a biodegradable polymer that will degrade in a physiological environment or by microbial action in the soil.
Natural polymers like carbohydrates and proteins, although biodegradable, cannot be fabricated easily because they decompose before they melt. On the other hand, the literature leads us to conclude that almost all synthetic polymers are resistant to enzymatic attack.' To overcome this apparent paradox among existing polymers several synthetic approaches were f o r m~l a t e d~.~ to enhance the biodegradabilities of polymers by physical or chemical modification of existing materials or by the development of new ones. In one potential approach graft copolymers are synthesized with a biodegradable backbone (e.g., carbohydrate or proteinaceous materials). Although several reports on the synthesis of graft copolymers with protein backbones have been made, there is none on the biodegradation of these polymers. In this article preliminary studies of the degradation behavior of gelatin-g-PMA are discussed.
EXPERIMENTAL
Gelatin, bacteriological (BDH), was used in this investigation. Monomer methyl acrylate (BDH) was washed free of inhibitor with a 5% solution of NaOH, then with water, and finally distilled under nitrogen. The initiator used was K&Oa (E. Merck) and solvents were pure AR grade samples, used as such.
Preparation of Gelatin-g-Poly(methy1 Acrylate)
For the preparation of the copolymer an experimental procedure, similar to that of Santappa et al.," was used. Gelatin (30 g) was added to 300 ml of water and heated to 40°C under nitrogen. Distilled methyl acrylate (35 ml) was added to the slurry. Grafting sites were initiated by adding K&08 (1.62 g). The initiator was divided into four equal portions of 0.405 g, each of which was added at 5-min intervals. The mixture was allowed to react for 1 hr after the final addition. The product was collected by filtration, washed several times with hot water to remove the residual free gelatin, and dried in air. The sample contained 10% homopolymer, determined by extraction with toluene. Grafted side chains were removed from the protein backbone by a procedure introduced by Rao et al. 5 The sample selected for the present study consisted of 50% poly(methy1 acrylate) by weight. The molecular weight found by viscosity measurements in benzene at 30°C was 50,000
(a").
Film Preparation
The dry polymer was hot pressed into a film of 0.5-mm thickness by a compression molding technique. The die was maintained at 50°C at a pressure of 300 kg/cm2. The film was cut into dumbbell-shaped tensile pieces (4 mm X 8 cm) and tensile strength and percentage of elongation were measured. The percentage of elongation at break point is 450; the ultimate tensile strength, 12.12 MN/m2. The polymer seems to have acceptable physical properties for a variety of applications.
Microbiological Testing
In the present investigation a single-culture method used bacterial strains like Pseudornonas aeruginosa, Bacillus subtilis, and Serratia marcescens as test organisms known to exhibit high proteolytic activity. For biodegradability testing a mineral salts medium, with the polymer in question as the sole source of carbon, was used. The composition of the culture medium was as follows: KH2P04,0.7 g; K2HP04,0.7 g; MgS047H20,0.7 g; NH4N03,l.O g; NaCl, 0.005 g; FeS04, 0.002 g; ZnSO4,0.002 g; and MnS04, 0.001 g in 1 liter of distilled water. In each tube 0.3 g of the sample was taken with 10 ml of the mineral salts medium. The tubes were autoclaved at 121OC for 20 min. All the bacterial cultures were maintained according to the ASTM standard procedure.6
Tubes were inoculated with 0.1-ml suspension of the organisms under sterile conditions. The OD of the culture suspension was 0.45 in each case. All the tubes were incubated a t 30°C for five weeks on a rotating shaker. Good growth was observed in all three sets of tubes inoculated with the organisms.
Weight Loss Measurements
Visual observations of the extent of bacterial and fungal growth are unreliable and a t best only of supplementary value. Characteristics such as flexibility, elasticity, or tensile strength of the sample, in some cases reliably indicate the degree of biodeterioration of the plastic formulation. A single measurement, however, which correlates most closely with all other indices of polymer degradation by microorganisms is weight 1 0~s .~
In our experiments three tubes were removed every week after inoculation with each organism and submerged in a 0.1% solution of HgCl2 for 10 min to halt further action. The samples were thoroughly rinsed with water, blotted dry, and placed in a dessicator for 36 hr. They were then weighed and the weight loss was recorded. Results of the correction of the amount of loss in the control samples are given in Figure 1 . To ensure that estimates of behavior are not too optimistic, the greatest degree of deterioration is reported according to convention. 
RESULTS AND DISCUSSION
The percentage of weight loss of polymer versus time plots are shown in Figure 1 . In the controls the reduction in weight was negligible and data have been corrected for this loss. I t can be seen that a 15-18% loss in weight is caused by different organisms over a period of five weeks. In all cases an initial rapid loss during the first week was followed by a slower and steadier disappearance of the substrate.
The losses in nitrogen content of the samples inoculated with Bacillus, Pseudomonas, and Serratia are listed in Table I . An approximate 45% drop in nitrogen content of the polymer in each case occurred after five weeks of inocubation, thus indicating the use of the gelatin in the molecule.
The accumulation of free amino acids due to initial rapid hydrolysis might have inhibited further proteolysis. I t is also known that the limitation of ammonia in the medium depresses proteolytic enzyme action: which may explain the retardation in enzymatic hydrolysis after the first week. Bacillus sp. is slightly more effective than the other two, although the difference may not be significant. Further work on the susceptibility of materials of different composition and with different polymers grafted onto the gelatin backbone is in progress.
